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In pre l iminary  a n a l y s e s  by GC/MS, i t  w a s  found that HYGAS o i l  samples conta in  a 
v a r i e t y  of  compounds, i n c l u d i n g  to luene ,  the s t a r t - u p  and make-up o i l ,  aromatic  
hydrocarbons, phenols ,  a n i l i n e s ,  p y r i d i n e s ,  thiophenes,  b e n z o n i t r i l e s ,  and PNAs. 
Direct a n a l y s i s  of t h e  mixture by GC/MS o r  c a p i l l a r y  column GC/MS is  a t  b e s t  
d i f f i c u l t  f o r  a t  least two reasons:  (1) Due t o  t h e  l a r g e  number (probably over  400)  
of  compounds present  in t h e  mixture ,  many over lapping  peaks occur ,  r e s u l t i n g  in 
mass s p e c t r a  t h a t  are o f t e n  confusing;  (2) C a p i l l a r y  columns that g i v e  good separa-  
t i o n  of non-polar compounds a r e  n o t  adequate  f o r  t h e  s e p a r a t i o n  of p o l a r  compounds. 
Therefore ,  t h e r e  i s  a d e f i n i t e  need f o r  a pre l iminary  s e p a r a t i o n  i n t o  f r a c t i o n s  
of t h e  complex m i x t u r e s  i n  RYGAS o i l  samples. 

For t h e  s e p a r a t i o n  of petroleum, f r a c t i o n a l  d i s t i l l a t i o n ,  e x t r a c t i o n ,  complex f o r -  
mat ion,  and column chromatography, inc luding  adsorp t ion ,  p a r t i t i o n ,  and g e l  per- 
meation, are among t h e  methods t h a t  have been used. Each method h a s  c e r t a i n  
advantages and d isadvantages :  
r e p r e s e n t s  a major p o r t i o n  of a HYGAS o i l  sample, could b e  removed. However, t h i s  
method s u f f e r s  from t h e  f a c t  that any d i s t i l l a t i o n ,  f r a c t i o n a l  or otherwise ,  
r e q u i r e s  h e a t  and decomposition and r e a c t i o n  between components in t h e  mixture  
t y p i c a l l y  t a k e s  p lace ,  a l t e r i n g  t h e  composition. 
b a s e  l i q u i d - l i q u i d  t y p e ,  r e c o v e r i e s  of i n d i v i d u a l  components of t h e  mixture  a r e  not  
on ly  v a r i a b l e  b u t  a l s o  o f t e n  l o w ,  p a r t i c u l a r l y  w i t h  p o l a r  compounds; moreover, some 
m a t r i x  e f f e c t s  f r e q u e n t l y  occur  a f f e c t i n g  r e c o v e r i e s .  
too  l i m i t e d  t o  be  of use b u t  a l s o  not  a p p l i c a b l e  i n  t h i s  case  s i n c e  t h e  complexes 
would not  b e  chromatographable by GC. Column chromatography, a l though u s e f u l ,  
s u f f e r s  from being long  and t e d i o u s  and r e q u i r e s  t h e  u s e  and workup of l a r g e  amounts 
of so lvent ;  i t  i s  n o t  recommended for a l a r g e  number of samples. 

It can b e  s t a t e d ,  g e n e r a l l y ,  t h a t  s e p a r a t i o n s  t h a t  can b e  done by column chromatog- 
raphy can a l s o  be  done cons iderably  b e t t e r  by HPLC. 
chromatography, HPLC g i v e s  much b e t t e r  r e s o l u t i o n ,  much s h o r t e r  run t imes ,  and much 
less so lvent .  However, t h e  amount of sample that can b e  processed per  run  is 
cons iderably  less than  w i t h  column chromatography. 
s e v e r a l  runs of t h e  sample can be  made w i t h  t h e  a t t e n d a n t  advantages of t ime,  work- 
up of  much less s o l v e n t ,  and r e s o l u t i o n .  

In t h e  petroleum f i e l d ,  HPLC h a s  been used  predominantly f o r  i d e n t i f i c a t i o n  of com- 
ponents  in a mixture  or f o r  f i n g e r p r i n t i n g  o i l  samples. 
pa id  t o  t h e  u s e  of HPLC as a m e a n s  of performing gross s e p a r a t i o n s  al though,  in 
certain i n s t a n c e s ,  I n v e s t i g a t o r s  have i s o l a t e d  peaks and i d e n t i f i e d  t h e  compound or 
compounds by GC/MS or mass spectrometry.  Although WLC/MS instruments are a v a i l -  
a b l e ,  HPLC does n o t  have t h e  r e s o l u t i o n  c a p i l l a r y  colunm GC has  and, as a r e s u l t ,  
HPLC/MS is not  as u s e f u l  as  c a p i l l a r y  column GC/MS f o r  t h e  a n a l y s i s  of complex 
mixtures. 

It w a s  found that t h e  u s e  of  the UBondapak NH2 as 2 s t a t i o n a r y  phase in HPLC was 
e x c e l l e n t  f o r  t h e  s e p a r a t i o n  of non-polar or w e a k l )  p o l a r  compounds; however, wi th  
p o l a r  compounds, t h e  phase was too  r e t e n t i v e  and, a l though moderately p o l a r  com- 
pounds might pass  through t h e  column w i t h  a g r a d i e n t ,  h ighly  p o l a r  compounds are 
re ta ined .  It i s  p o s s i b l e  t o  backwash t h e  h ighly  p o l a r  compounds b u t  s e p a r a t i o n  
i n t o  f r a c t i o n s  of t h e  p o l a r  compounds can n o t  b e  achieved.  

With f r a c t i o n a l  d i s t i l l a t i o n ,  t h e  t o l u e n e ,  which 

With such e x t r a c t i o n s  as t h e  a c i d /  

Complex formation i s  not  only 

When compared t o  column 

To overcome t h i s  disadvantage,  

L i t t l e  a t t e n t i o n  has been 

However. i f  one i s  
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i n t e r e s t e d  only  in non-polar or weakly polar PNAs, a n i c e  s e p a r a t i o n  according 
t o  t h e  number of r i n g s  of  t h e  parent  PNAs and t h e i r  a l k y l  d e r i v a t i v e s  can b e  
accomplished wi th  a o n d a p a k  NH2, as s h a m  in Table 1. 

Table  1. Retent ion  Time Range of Se lec ted  Benzenoid PNAs and Alkyl  PNAS 
as a Funct ion of t h e  Number of Rings (mondapak NH2, B w a n e  
Solvent ,  Flow Programmed 1-4 mL/min) 

Number of Reten t ion  Time Range (Minutes) 
Rings Noncondensed Con den s ed 

1 4.2 (1) NA 
2 5.0-5.8 (3)  NA 
3 6.8-7.5 (7) NA 
4 9.3-10.9 (5) 7.7-8.3 (3)  
5 13.7-15.1 (3) 11.5-12.1 (2)  

( ) Number of compounds from which range w a s  
determined 

NA Not Applicable  

Such a s e p a r a t i o n  i n t o  f r a c t i o n s  can be  very  u s e f u l  f o r  i d e n t i f y i n g  a complex 
mixture  t h a t  c o n t a i n s  predominantly compounds t h a t  a r e  r e l a t i v e l y  non-polar, s i n c e  
GC condi t ions  can be  ta i lor-made t o  each f r a c t i o n .  It is p a r t i c u l a r l y  u s e f u l  f o r  
i d e n t i f y i n g  t h e  higher  PNAs. 

Whereas HPLC with  a VBondapak NH2 column a f f o r d s  a good s e p a r a t i o n  of non-polar 
compounds, i t  appeared that t h e  weakly p o l a r  s t a t i o n a r y  phases ,  mondapak Phenyl 
and uBondapak CN, might b e  more u s e f u l  for s e p a r a t i n g  t h e  p o l a r  compounds i n t o  
f r a c t i o n s .  
was found t h a t ,  wi th  VBondapak CN, a s a t i s f a c t o r y  s e p a r a t i o n  could b e  accomplished 
us ing  a r a t h e r  complex gradien t  of  hexane t o  THF, as shown in Figure  1. 

Frac t ion  1 (Figure 1) conta ined  a v a r i e t y  of  t h e  typical PNAs and a l k y l  PNA6, 
inc luding  naphthalenes,  b iphenyls ,  benzothiophenes, acenaphthenes,  f l u o r e n e s ,  
phenanthrenes, an thracenes ,  dibenzothrophenes,  aceanthrenes ,  and pyrenes.  
was a l s o  a series of  a l k y l  benzenes p r e s e n t  i n  f r a c t i o n  1 . )  
f r a c t i o n s  were more p o l a r ,  they  w e r e  d e r i v a t i z e d  wi th  Tri-Si1 Concentrate ,  BSA, o r  
Methyl-8. 
phenols ,  a number of hydroxy PNAs, inc luding  hydroxy s t y r e n e s ,  indans ,  benzofurans,  
indenes,  naphthols ,  benzothiophenes, b iphenyls ,  and f l u o r e n e s .  
summary of t h e  hydroxy PNAs and, in Figure  2,  t h e i r  r e t e n t i o n  t ime r a n g e s  on a 
50 meter OV-101 column programmed from 20 t o  240°C are shown. 
Table 2 that  t h e  more a l k y l a t i o n  t h e r e  is in t h e  molecule  t h e  lower t h e  f r a c t i o n ,  a s  
would be  expected,  since t h e  compound would b e  less p o l a r  or more non-polar. 

The mass s p e c t r a  of t h e  a l k y l a t e d  d e r i v a t i v e s  of t h e  hydroxy P U S  t y p i c a l l y  had a 
H-15 ion as t h e  base  peak from loss of  a methyl  from t h e  t r i m e t h y l  s i l y l  grouping. 
There vas a M - 3 1  peak i n d i c a t i v e  of  a R-O-Si-CH2 ion. The parent  ion w a s  a l s o  a 
prominant ion.  Occasional ly ,  a M-89 ion  i n d i c a t i v e  of l o s s  of (CH3)$3iO- was 
found. 
under iva t ized  phenyl r i n g  is found. 

F r a c t i o n s  5 and 6 contained dihydroxy benzenes. 
t h e s e  f r a c t i o n s ,  poss ib ly ,  because they  might n o t  g e t  through t h e  column under t h e  
condi t ions  used. 

In  experiments  w i t h  t h e s e  columns under a v a r i e t y  of c o n d i t i o n s ,  it 

(There 
S ince  t h e  remaining 

S u r p r i s i n g l y ,  F r a c t i o n s  2 ,  3, and 4 conta ined ,  a long  w i t h  some a l k y l  

I n  Table  2 ,  a 

It can b e  seen from 

I n  t h e  case of hydroxy b iphenyls ,  an ion  corresponding t o  t h e  l o s s  of t h e  

No dihydroxy PNAs were found in 
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Figure 1. Hygas O i l  Samples, HPLC on VBondapak CN Column, 
2 mL/min Flow, 16 Minutes Hexane Alone, Linear 
Gradient ,  0-1% i n  10 Minutes, 1-5% in 10 Minutes, 
and 5-100% THF i n  H e x a n e  i n  1 0  Minutes; W 
Detection at  254 nm 
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Figure 2.  Retention Time Ranges of Some Phenols and Hydroxy PNAs, 
Derivatized with BSA, in Fractions 2 , 3 ,  and 4 
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